An eight-year-old spayed female Yorkshire terrier was presented with a one-month history of conspicuous weight-bearing lameness in the right hindlimb, mild anorexia, intermittent vomiting and marked polydipsia and polyuria. Radiographs revealed circular radiolucent foci of variable size in the skeleton. Haematological and serum biochemistry examination revealed mild leucopoenia with severe neutropaenia, mild non-regenerative anaemia, moderate thrombocytopoenia, moderate hyperglobulinaemia, mild hypoalbuminaemia, mild azotaemia and moderate hypercalcaemia. Quantification of serum immunoglobulins revealed elevated IgA and IgG. Serum protein electrophoresis showed a broad appearance with a β-region spike. Plasma cells accounted for 7.6% of the cells in the bone marrow. Serum immunofixation electrophoresis (IFE) revealed IgA lambda gammopathy. Immunohistochemistry in the bone marrow was diffusely positive for multiple myeloma oncogene 1 (MUM-1) and CD20. To our knowledge, this is first case report of multiple myeloma associated with IgA lambda gammopathy confirmed via IFE and immunohistochemical expression of MUM-1 in a dog.
Multiple myeloma (MM) is characterised by the production of immunoglobulins by malignant plasma cells in the bone marrow (Sternberg et al. 2009; Flory and Rassnick 2010) . MM is a systemic disease, and has been reported in humans, dogs, cats and horses (Pusterla et al. 2004; Patel et al. 2005; Flory and Rassnick 2010) . It is a rare neoplasm in dogs and cats and MM accounts for only < 1% of malignant canine tumours (Giraudel et al. 2002) . The clinical signs associated with canine MM include intermittent vomiting, anorexia, weight loss, lethargy and signs of skeletal disease (lameness, typical radiology, moth-eaten lesions). Most commonly affected are older dogs with a mean age of eight to 12 years at detection, and no breed or sex predilections exist (Flory and Rassnick 2010) . In both humans (Boyle et al. 2014) and dogs (Sternberg et al. 2009 ), immunoglobulins generally include five types of heavy chains (IgG, IgA, IgM, IgD, and IgE) and two types of light chains (kappa and lambda). Each plasma cell produces only one type of heavy chain and one type of light chain. As in typical Supported by the Bio and Medical Technology Development Program of the NRF funded by the Korean government, MSIP (Project No. 2016M3A9B6903437) .
https://doi.org/10.17221/152/2017-VETMED MM there is a clonal neoplastic population of plasma cells producing just one type of immunoglobulin; the distinction between heavy and light chains is highly relevant for the diagnosis and for monitoring the effects of therapy of MM (Andrea and Kenneth 2010; Katzmann et al. 2015) . Commonly increased immunoglobulins in canine MM can be evaluated using serum protein electrophoresis (SPE) to detect the presence of a paraprotein (monoclonal protein) band (Jania and Andraszek 2016) . The IgA lambda gammopathy described here was also validated using serum immunofixation electrophoresis (IFE); the use of this technique, as well as the confirmed expression of multiple myeloma oncogene 1 (MUM-1), are novel in the dog.
Case description
An eight-year-old, spayed female, Yorkshire terrier was presented with a one-month history of conspicuous weight-bearing lameness in the right hindlimb, mild anorexia, intermittent vomiting and marked polydipsia and polyuria. On clinical examination, the dog was underweight (body condition score 2/5, body weight 1.9 kg) and had pale mucous membranes and a mild elevated body temperature (39.6 °C). Generalised pain was noted on palpation and manipulation of the rear limbs. Neurological examination revealed proprioceptive deficits in the rear limbs.
Haematological examination showed mild leucopoenia with severe neutropaenia, mild normocytic normochromic non-regenerative anaemia (reticulocytes < 0.5%) with moderate thrombocytopaenia (Table 1) . Results of serum biochemistry revealed mild hyperproteinaemia, mild hypoalbuminaemia, increased serum urea concentration, mildly increased creatinine (CREA), and moderate hypercalcaemia (Table 1) . Urinalysis revealed isosthenuria (specific gravity 1.018, reference interval (RI), 1.015-1.045) with moderate proteinuria (1g/l, RI, negative). However, proteinuria for Bence Jones protein was not evident (IDEXX Laboratories, Inc., USA). Urine bacterial culture was negative. Prothrombin time (PT) and activated partial thromboplastin time (APTT) were prolonged and d-dimer was within the normal reference range (Table 1) . Results of SPE revealed an increase in β-globulin with normal α1, α2, and γ-globulin and low albumin (Table 2) . SPE analysis showed a monoclonal spike migrating in the β region ( Figure 1A , Antech Diagnostics, Inc., USA). Quantitative immunoglobulin tests revealed normal serum IgM and high IgA and IgG (Table 2 ). Serum IFE suggested the presence of monoclonal gammopathy with an IgA lambda type ( Figure 1B ). An infection was ruled out based on negative results of serum antigen to Dirofilaria immitis, antibodies to Borrelia burgdorferi, Anaplasma phagocytophilum, APTT ( (Figures 3A and 3B) . Multinucleated plasma cells with anisokaryosis and round nuclei were arranged randomly ( Figure 3C ) and ( Figure 3A and 3C) plasma cells with flame cell morphology, characterised by irregular and fragmented or rounded eosinophilic cytoplasmic projections were evident. Plasma cells accounted for 7.6% of the cells in the bone marrow. In a core bone marrow biopsy near the osteolytic lesion of the right ilium, bone marrow was replaced by an infiltrative, highly cellular neoplasm (IDEXX Laboratories, Inc., USA) ( Figure 4A ). The neoplasm was composed of round cells arranged in sheets supported by existing stroma. Neoplastic cells had distinct cell borders and amphophilic cytoplasm. Nuclei were round-to-oval with finely to coarsely stippled chromatin and one to two indistinct nucleoli. Mild anisocytosis and anisokaryosis were present ( Figure 4A ). We performed immunohistochemical (IHC) staining on bone marrow specimens Anaplasma platys, Ehrlichia canis and Ehrlichia ewingii (SNAP ® 4Dx ® Plus Test, IDEXX Laboratories, Inc.). Imaging studies including radiographic examination of the skeleton revealed multiple discrete radiolucent foci (punched-out) of osteolytic lesions of variable size affecting multiple parts of the skeleton (humerus, scapula, radius, ulna, vertebra, ilium, ischium, femur, tibia, fibula), particularly the long bones (Figures 2A-2C ). The right femoral head had a pathologic fracture ( Figure 2C ). Ultrasonographic examination revealed increased echogenicity of the cortex and corticomedullary junction and a hyperechoic band (medullary rim sign) in both kidneys and when compared to the spleen and liver parenchyma.
The cytology after bone marrow aspiration from the humerus showed hypocellularity (Figure 3) . The myeloid : erythroid ratio was 1.90 : 1.00 (RI, 0.75-2.50 : 1.00). Plasma cells were characterised by an eccentric round nuclei, abundant deep blue cytoplasm and prominent, clear from an osteolytic lesion for MUM1 (plasma cell marker), CD20 (B lymphocyte marker) and CD3 (T lymphocytes marker) (IDEXX Laboratories, Inc., USA). On IHC staining of a bone marrow biopsy from the radiolucent area of the ilium, approximately 70-80% of the neoplastic cells were positive for MUM-1 ( Figure 4B ) and approximately 5-10% were positive for CD20 ( Figure 4C ).
However, neoplastic cells were diffusely negative for CD3 ( Figure 4D ). Therefore, the neoplasm could be diagnosed as multiple myeloma. Based on the above findings, this case was diagnosed as a MM IgA lambda gammopathy. The dog was hospitalised and treated daily with oral melphalan (Alkeran, GlaxoWellcome, NC, 0.1 mg/kg, twice a day for ten days) and prednisolone (Solondo Tab., Yuhan, Republic of Korea, 0.5 mg/kg, twice a day for ten days). In addition, Tramadol HCl (Tridol Caps, Yuhan, Republic of Korea, 1 mg/kg, twice a day for seven days) was administered orally for pain relief. Saline diuresis was initiated (0.9% saline administered at 2.5 times the maintenance rate for 24 hours) for hypercalcaemia. After 72 hours, the serum calcium concentration had decreased to within the normal range. Amoxicillin-clavulanic acid (Amocla Tab, Kuhnil Pharm. 12.5 mg/kg, twice a day) was administered orally for ten days to prevent bacterial infections. During hospitalisation, the clinical signs improved. After ten days, the dog was discharged on a combination of melphalan (0.05 mg/kg, twice a day for four months) and prednisolone (0.5 mg/kg, every other day for 30 days). The dog tolerated treatment for 130 days without complications; however, it suffered a relapse with MM 153 days after the initial treatment. The owner declined further treatment due to financial concerns.
DISCUSSION AND CONCLUSIONS
The diagnostic criteria for MM in both humans (Rajkumar et al. 2014 ) and dogs (Flory and Rassnick 2010) has historically been based on the demonstration of at least two of the following: (1) monoclonal gammopathy or paraproteinaemia, (2) radiographic evidence of osteolytic bone lesions, (3) > 10% plasma cells in the bone marrow, and (4) Bence Jones proteinuria. This case was consistent with the criteria of MM, showing an lg spike on SPE and lytic bone lesions. In addition, MM-related findings included bone pain and abnormal features such as anaemia, hypercalcaemia, azotaemia, hypoalbuminaemia and demineralisation of the skeleton.
While a minimum of 10% bone marrow plasmacytosis is conventionally required to diagnose MM, the proportion of bone marrow plasma cells was 7.6% in this case. As histology was not diagnostic, we performed IHC staining of bone marrow specimens from an osteolytic lesion to confirm MM/neoplastic plasma cell proliferation (Brunnert and Altman 1991; RamosVara et al. 2007) . IHC results were diffusely positive for MUM-1 and CD20 and diffusely negative for CD3. MUM-1 has been identified as an oncogene in MM and is involved in lymphoid cell differentiation, particularly in the production of plasma cells. CD20 is expressed from the pre-B cell stage to the activated B cell stage. In human medicine (Sukpanichnant et al. 1994) , 40% of 176 patients diagnosed with MM via histological and immunohistological techniques reportedly had less than 10% plasma cells in bone marrow aspirates. Compared to IHC methods, enumeration of plasma cells via routine staining of bone marrow aspirate smears may underestimate plasmacytosis, making the traditional 10% threshold problematic. These findings indicate the presence of plasma cell clonality in the bone marrow, and, therefore, a diagnosis of MM was made.
In this case, the broad appearance of the β region in the SPE cellulose acetate strip was difficult to interpret because of the superimposition of polyclonal immunoglobulins migrating with the monoclonal spike. Therefore, serum IFE was performed to identify the subtype of the monoclonal protein being produced by the myeloma cells. In both humans (Zamora-Ortiz et al. 2014 ) and dogs (Seelig et al. 2010) , serum IFE is the gold standard for immunochemical characterisation and detection of M-proteins. Therefore, it is used as the main method for monitoring and diagnosing MM. In human medicine (Li et al. 2015) , serum IFE was reported to be more sensitive than SPE and serum-free light chain analysis in the detection of unexpected protein bands and relapse in MM patients with autologous stem cell transplants. Therefore, the initial SPE should always be performed in combination with serum IFE to confirm monoclonality, as well as to determine the Ig heavy and light chain classes. As a result, IgA lambda monoclonal gammopathy was effectively determined by SPE and IFE.
Flame cells are characterised by abundant pink eosinophilic cytoplasm in plasma cells and are occasionally observed in reactive or neoplastic medical conditions in dogs and cats (Zinkl et al. 1983) . To date, they have mainly been reported in association with IgA-producing plasma cells. Flame cells were identified in some plasma cells ( Figures 4A and 4C) . Therefore, the presence of flame cells and IgA in this case suggests that flame cells produce IgA.
This dog exhibited normocytic, normochromic cells and non-regenerative anaemia, leucopoenia with neutropaenia and concurrent thrombocytopenia. In such situations, pancytopaenia may be observed in conjunction with marked bone marrow infiltration of neoplastic cells (Sternberg et al. 2009 ). Hypercalcaemia in MM, such as in this case, is reportedly associated with tumour-induced osteolysis (Sternberg et al. 2009; Tripp et al. 2009) , and hypercalcaemia and myeloma-related renal disease may have contributed to the observed polyuria and polydipsia. Renal insufficiency is most commonly associated with (Seelig et al. 2010 ): (1) excessive light chain production overwhelming the catabolic capacity of renal tubular cells, light chains forming complexes with proteins, resulting in tubular casts that can induce renal tubular obstruction and light chains that can induce inflammation and cytokine release, which may cause renal damage, (2) https://doi.org/10.17221/152/2017-VETMED hypercalcaemia leading to prerenal azotaemia secondary to antidiuretic hormone inhibition and eventual renal mineralisation (Sheafor et al. 1995) , and (3) reduced renal perfusion due to hyperviscosity syndrome.
Although we here describe only one MM case with IgA gammopathy which could not be definitively diagnosed as MM because the ratio of plasma cells was less than 10%, the diagnosis was further confirmed by IFE and IHC analysis. The use of IFE and IHC analysis can help in diagnosing or ruling out MM.
